The high peak to average power ratio (PAPR) has a severe impact on power amplifiers forcing it to operate in nonlinear region,which causes inter modulation and out of band radiation. In order to overcome this problem, the power amplifier must operate within its linear region, which implies low efficiency and large power dissipation, which is a disadvantage in wireless applications.
Hence, Selective level mapping [1] , a distortion less multiple signal representation method to reduce the PAPR of an OFDM symbol was proposed. In this method,primarily U statistically independent sequences referred to as candidate signals which are phase rotated versions of the original OFDM symbol are generated and sequence with least PAPR is selected for transmission over the channel. In Merged SLM scheme [2] a two stage IFFT is discussed to reduce complexity. Condex matrix based phase sequences [3] has achieved a 59% reduction in the computational overhead. To reduce the complexity of the conventional SLM scheme,Wang [4] developed two low complexity methods based on conversion matrices to replace additional IFFTblocks but at expense of PAPR degradation. J.
Ji,G.Ren and H. Zhang [5] have achieved low computational complexity by designing separate phase rotation vectors for data and pilotsymbols but PAPR performance has worsened. There are various other low complexity schemes proposed in literature [6] [7] [8] [9] to reduce complexity of conventional SLM based on modifications to IFFT stage. In [10] , [11] , expectation of PAPR for SLM and low complexity SLM is discussed.
In successive SLM method [11] , the candidate signal generation stops as soon as a preset PAPR threshold is reached, reducing the computational complexity. In the SSLM method random phase sequences are used which require side information to be transmitted.
To avoid transmission of side information, orthogonal phase sequence sets have been proposed in [12] to generate U candidate signals in SLM. Further, it is suggested that the component wise product of any two phase sequences (rows) of a phase sequence set are periodic, then there is no improvement in PAPR reduction. Sequences such as Sylvester Hadamard matrices, cyclic Hadamard matrices constructed from m-sequences, Rudin Shapiro sequences and Riemann sequences [13] [14] [15] exist in literature. Sylvester Hadamard matrices whose rows are Walsh functions are referred to as Walsh-Hadamard matrices in our paper.
This motivates us to propose, low complexity SLM for orthogonal phases sequence sets which is an extension based on the design parameters and approach of [11] referred to as Iterative SLM (ISLM).
The phase sequence set for ISLM is constructed based on Golay complementary pairs [17] [18] [19] referred to as Golay-Hadamard (GH) phase sequence set and we verify the periodicity of the phase sequences of the set. Further, additional criteria of mean square value of autocorrelation of the proposed phase sequence set [16] is evaluated to determine its suitability for ISLM. We analyze the PAPR performance and complexity reduction achieved in low complexity SLM. Further, we compare the improvement in PAPR performance and reduction in complexity of the new phase sequence set and Walsh-Hadamard phase sequence set.
In section II,we discuss Iterative SLM. In section III, recursive construction of Golay-Hadamard phase sequence sets and analysis is presented. The achieved PAPR and complexity reduction analysis are presented and analyzed in section IV. Finally our concluding remarks are provided in section V.
II.ITERATIVE SLM
In our proposed work,if the PAPR of the OFDM symbol exceeds a certain threshold value, iterative SLM is applied to the data symbol and tested until the PAPR falls below the threshold. The threshold above which SLM is applied is referred to as iterative threshold ). 
Then the time domain OFDM signal generated for each data block given by
where N denotes number of subcarriers and the IFFT/FFTsize. The Peak-to-Average Power Ratio ( PAPR) of each candidate signal is obtained as When U mutually independent candidate signals are considered for ISLM, CCDF of PAPR is expressed as follows.
where γ th is PAPR threshold.
A. Computational Complexity Analysis
Computational resources imply the number of complex additions and complex multiplications In ISLM the candidate signal generations stop as soon as PAPR less than threshold value is found.
Hence the number of candidate signal mappings generated per OFDM sample may be lesser or at most equal to U. reduction or saving in computational resources. We define another metric to measure the saving in computational resources as computational complexity reduction ratio (CCRR).It is defined as
where U SLM is number of candidate signal mappings in conventional SLM. From Equation (6), it is implied that a high CCRR is achieved as average number of assessed candidate signals reduces indicating saving in computational resources.
III. GOLAY HADAMARD PHASE SEQUENCE SET
In [11] a random sequence set is discussed and no mention of orthogonality of sequences is done whereas the orthogonal Sylvester Hadamard sequence set of [12] is periodic. Hence,Golay
Complementary sequence pairs which have found application in radar, spread spectrum due to their low aperiodic property are being considered for ISLM. But these sequences dont find much application as phase sequence set since various methods to constuct Golay complementary pairs (GCP) in [19] does not assure orgthogonality which is prime necessity in ISLM.
To construct an orthogonal phase sequence set, we apply construction proposed in [20] 
Hadamard construction in both cases implies a orthogonal set but GH is based on GCS while H set is based on Walsh functions.
We further analyze above phase sequences of two phase sequence sets for their periodic (PACF), aperiodic autocorrelation function (AACF) and aperiodic cross correlation function (ACCF) for non-zero delay (lag) shift between them to determine which is more aperiodic.
Periodic Autocorrelation Function (PACF) is essentially the autocorrelation of a signal with itself at different points in time, as a function of lag between points of time. Similarly, Aperiodic cross correlation (ACCF) is the correlation between two sequences (a, b). We validate through simulations shown in Fig.1a, Fig.1b and Fig.1c that GH sequences exhibit improved periodic and aperiodic correlation properties compared to H sequences.
The merit factor of a sequence is a measure of quality of sequence. It is defined for a sequence a of length M as
ACF and AACF characterize the behavior of individual sequences and not the performance of the entire phase sequence set. To analyze performance of the entire phase sequence set, the average mean-square value of auto correlation R AC and maximum value of aperiodic cross correlation function(C MAX ) are considered. The auto correlation measure R AC is given by
where P is number of sequences in the set. In our case, P=M since a square phase sequence set is generated. Reduction in R AC indicates weak correlation among sequences in a set and therefore low PAPR is realizable in ISLM. Lower peaks in ACCF or higher value of merit factor (MF) implies more aperiodic sequence while reduced C MAX results in lower bit error rate.
We consider low C MAX , low R AC and low AACF (or high MF) as optimization criteria in selection of phase sequence sets and evaluate the PAPR performance and complexity of ISLM. From Table 1 , it is inferred that the new sets of orthogonal sequences are characterized with lesser peaks in aperiodic cross-correlation functions, and exhibit good autocorrelation properties too. The improved correlation properties along with the design of the set satisfying above two necessary criteria proves that GH sequence set will achieve improved PAPR reduction for ISLM-OFDM. In Fig.2 we compare the CCDF of GH and H sequence set for ISLM for iterative threshold of 6 dB. It is seen that for a given value of U, GH sequence set exhibits improved PAPR reduction compared to
Hadamard sequence set. This is because GH sequence set is more aperiodic compared to Hadamard sequences as discussed in section III. For U, less than or equal to 16, for iterative thresholds up to 5 dB number of assessed candidate signals is same as conventional SLM. But beyond 5dB it decreases as iterative threshold increases and is close to 1 dB for 8 dB iterative threshold. We infer that suitable choice of iterative threshold would be 6 dB or more depending on complexity reduction expected. The theoretical values tabulated in Table III V. CONCLUSIONS
In this paper, investigation of PAPR and complexity performance of low complexity SLM for different orthogonal phase sequence sets has been performed. A detailed analysis of the various parameters which influence the choice of phase sequence set is carried out. A phase sequence set with low AACF for ISLM is more suitable choice since it achieves both PAPR reduction and reduced complexity. Since orthgonal sequences are used, side information need not be transmitted. Therfore bit loading is avoided in our approach compared to [11] . As the number of assessed candidate signals per OFDM sample is variable,the number of complex additions and multiplications performed in the IFFT section is also reduced. It is concluded that the choice of phase sequence set, iterative threshold and the maximum number candidate signal mappings influence the reduction in computational complexity in a N sub-carrier iterative SLM system. 
